Background: It has recently been shown that oxidative stress, infection, and inflammation are predominant pathophysiologic factors for several major diseases. Objective: We investigated the association of whole-grain intake with death attributed to noncardiovascular, noncancer inflammatory diseases. Design: Postmenopausal women (n ҃ 41 836) aged 55-69 y at baseline in 1986 were followed for 17 y. After exclusions for cardiovascular disease, cancer, diabetes, colitis, and liver cirrhosis at baseline, 27 312 participants remained, of whom 5552 died during the 17 y. A proportional hazards regression model was adjusted for age, smoking, adiposity, education, physical activity, and other dietary factors. Results: Inflammation-related death was inversely associated with whole-grain intake. Compared with the hazard ratios in women who rarely or never ate whole-grain foods, the hazard ratio was 0.69 (95% CI: 0.57, 0.83) for those who consumed 4 -7 servings/wk, 0.79 (0.66, 0.95) for 7.5-10.5 servings/wk, 0.64 (0.53, 0.79) for 11-18.5 servings/wk, and 0.66 (0.54, 0.81) for ͧ19 servings/wk (P for trend ҃ 0.01). Previously reported inverse associations of whole-grain intake with total and coronary heart disease mortality persisted after 17 y of follow-up. Conclusions: The reduction in inflammatory mortality associated with habitual whole-grain intake was larger than that previously reported for coronary heart disease and diabetes. Because a variety of phytochemicals are found in whole grains that may directly or indirectly inhibit oxidative stress, and because oxidative stress is an inevitable consequence of inflammation, we suggest that oxidative stress reduction by constituents of whole grain is a likely mechanism for the protective effect.
INTRODUCTION
Habitual whole-grain food consumption has consistently been associated with a reduced risk of both coronary heart disease (CHD) and type 2 diabetes (1), and several studies also suggest that whole-grain intake reduces the risk of other diseases (2, 3) . Refined grains, in contrast, do not appear to offer protection and may instead increase the risk of chronic diseases (4) . The Dietary Guidelines for Americans therefore recommends an intake of 3 servings of whole-grain products/d (5) . In the United States, the mean intake of whole grains is 1 serving/d, and that of refined grains is 5 servings/d (6) .
It was previously reported that whole-grain intake in postmenopausal women in Iowa is associated with a reduction in total mortality of Ȃ15%, with reductions clearest in mortality attributed to cardiovascular diseases and suggestive in noncardiovascular, noncancer mortality, including that due to nonmalignant respiratory diseases (7) and diabetes (8) . There has been little investigation of what other diseases contribute to the reduction in mortality reduction associated with whole-grain consumption.
Likely candidates for such other diseases are inflammatory diseases. Although inflammation of short duration may help restore disrupted tissue structure and function, prolonged inflammation can contribute to pathogenesis. Inflammation has recently been suggested to be a common underlying mechanism of a variety of different diseases, including diseases of infectious origin, diabetes, and rheumatoid arthritis (9, 10) . Numerous examples support this suggestion. Other pathologic mechanisms are clearly active in these diseases, but inflammation seems to contribute significantly to the severity of these diseases. Furthermore, inflammation promotes the production of reactive oxygen (ROS) and reactive nitrogen species (RNS) to ward off foreign invaders, which ultimately leads to oxidative stress (11, 12) . Thus, chronic or prolonged inflammatory reactions inevitably lead to oxidative stress, and antioxidant therapy (ROS or RNS decomposition catalysts or selective antioxidant enzyme mimics) has been shown to prevent in vivo tissue injury during inflammation (13) (14) (15) . Several epidemiologic studies have identified whole grains as part of a food pattern that is inversely related to inflammatory markers, whereas refined grains are positively associated with these markers (16 -19) . One short-term clinical study of whole-grain intake showed reductions in oxidative stress and related inflammatory factors (20) .
Thus, it is reasonable to hypothesize that intake of whole grains may not only reduce the risk of cardiovascular disease and cancer, which clearly are related to inflammation (9, 21, 22) , but may also reduce the risk of other diseases for which inflammation or oxidative stress is a predominant pathophysiologic factor. We have studied this hypothesis in postmenopausal women in Iowa aged 55-69 y after they were recruited in 1986. For this purpose, we formed a composite of causes of death selected a priori for which inflammation has been documented as a significant pathologic factor. Because whole-grain intake may reduce plasma biomarkers of inflammation, we investigated whether intake of whole or refined grains was associated with death attributed to this novel categorization of inflammatory diseases.
SUBJECTS AND METHODS
The Iowa Women's Health Study (IWHS) cohort comprises 41 836 women aged 55-69 y recruited via a baseline questionnaire mailed in 1986 and followed through 31 December 2001. A previous report explained how self-reported baseline risk factors were assessed and defined (23) . Baseline histories of physiciandiagnosed cancer (other than skin cancer), heart disease, or angina were obtained. In the present study we excluded women who were not postmenopausal (n ҃ 569) and those with self-reported baseline heart disease (n ҃ 3459), nonskin cancer (n ҃ 3497), diabetes (n ҃ 2386), chronic colitis (n ҃ 2357), or liver cirrhosis (n ҃ 313) and those who reported 600 or 5000 kcal/d or left 30 items on the diet questionnaire blank (n ҃ 3096). Data were missing for waist-hip ratio for 134 women, estrogen use for 147 women, physical activity status for 579 women, and smoking status for 510 women. Some exclusions overlapped; the models used included 27 312 women. The study was approved by the Institutional Review Board of the University of Minnesota.
Dietary intake at baseline was assessed by using a 127-item food-frequency questionnaire (24) . As previously described (25) , servings per week of several whole-grain foods were computed. Whole-grain foods included the following verbatim items: dark bread, cold breakfast cereal, brown rice, popcorn, wheat germ, bran, cooked oatmeal, and other grains (eg, bulgar, kasha, and couscous). The participants were asked to name the single breakfast cereal usually eaten, which was then evaluated for whole-grain and bran contents. Breakfast cereals were considered to be whole grain if the product contained ͧ25% whole grain or bran by weight. Bran cereals were included in the wholegrain category because findings were similar for bran cereals and nonbran, whole-grain cereals. The reliability and validity of the questionnaire were evaluated in 2 studies (26, 27) . Correlations with 28 d of food records were 0.75 for cold breakfast cereals and 0.66 for dark bread (28) .
Deaths were identified by annual linkage of cohort identifiers to Iowa state-wide death records through 31 December 2003. Deaths for subjects who had emigrated from Iowa were identified through the National Death Index. Cause of death was that assigned as the single underlying cause by State Health Department. We considered noncardiovascular, noncancer inflammatory diseases to be those that had an inflammatory, oxidative .0, 586.0, 614.4, N11.9, N12, N180, N189, N19, N258, N321, and N390 (n ҃ 37). The boldface ICD codes are separately classified as infectious diseases, regardless of ICD major grouping (n ҃ 233); the nonboldface codes are the remaining noncardiovascular, noncancer inflammatory diseases (n ҃ 839). Note that we previously defined this mortality variable on the basis of 15 y of follow-up (28); after 2 y of additional follow-up in the present study, we identified several more ICD codes that belong to the inflammatory category. Noncancer, noncardiovascular causes of death that were not included in the inflammatory category included injury, acute organ failure, psychoses, substance abuse, and some metabolic disorders.
Statistical analyses were performed with SAS software (version 8.2; SAS Institute, Inc, Cary, NC). Whole-grain consumption was categorized in approximate quintiles. Cox proportional hazards regression analysis was used to assess the association between whole-grain food consumption and death, presented as estimates of hazard ratios and their 95% CIs. In the models below, the interaction of whole-grain food intake (continuous WHOLE-GRAIN INTAKE AND INFLAMMATORY DISEASE DEATH variable) with time in study was nonsignificant; therefore, the proportionality assumption was deemed acceptable. The minimally adjusted model included only age (y) and energy intake (continuous; kcal) as covariates. The multivariable-adjusted model also included smoking (5 categories: never; current smokers, 15 cigarettes/wk; current smokers, ͧ15 cigarettes/wk; past smokers, 15 cigarettes/wk; past smokers, ͧ15 cigarettes/ wk), intake of alcohol (continuous, as a quadratic function; g/d), body mass index (BMI), waist-hip ratio, education (less than high school, high school, more than high school), physical activity (low, moderate, high), use of estrogen (never used, current use, past use), use of multivitamin supplements (yes, no or don't know), and intakes of coffee (continuous; servings/d), refined grain (continuous; servings/d), red meat (continuous; servings/ d), fish and seafood (continuous; servings/d), and total fruit and vegetables (continuous; servings/d). We performed a test for trend by treating whole-grain food intake as a continuous variable. The a priori focus of this work was the composite variable noncardiovascular, noncancer inflammatory disease mortality.
The primary contrast being the remaining noncardiovascular, noncancer deaths. In response to the blind reviewers, we explored the association of whole-grain intake with the subcategories of diseases provided above, with 2 separate subgroupings: major ICD categories and infectious versus noninfectious inflammatory conditions.
RESULTS
The mean (ȀSD) consumption of whole-and refined-grain foods in the IWHS was 11.3 Ȁ 8.9 and 14.5 Ȁ 11.2 servings/d, respectively. As previously described, whole-grain intake (25) was generally associated with a healthier lifestyle, including increased physical activity, reduced smoking, and a choice of other foods generally thought to be healthy ( Table 1) . Women who habitually consumed whole-grain food were generally somewhat thinner than those who rarely consumed whole-grain food. Only a general question was asked about arthritis, an important noncardiovascular, noncancer inflammatory condition.
TABLE 1
Subject characteristics according to quintile (Q) of whole grain food intake in 27 312 women free of cancer (other than skin), heart disease, diabetes, colitis, and liver cirrhosis at baseline in the Iowa Women's Health Study, 1986 Whole-grain food intake (servings/wk) Almost 50% of the women responded affirmatively to this question at baseline, with no gradient across whole-grain intake category. Of the 27 312 participants, 5552 had died after 17 y of follow-up; the death of 1071 of these participants was attributed to inflammatory causes. Noncardiovascular, noncancer inflammatory death showed an inverse association with total whole-grain intake ( Table 2) . Compared with the women who rarely or never ate whole-grain foods, the hazard ratio was 0.69 for those who consumed 4 -7 servings of whole grain/wk, 0.79 for 7.5-10.5 servings/wk, 0.64 for 11-18.5 servings/wk, and 0.66 for ͧ19 servings/wk. These mortality rates followed corresponding patterns for dark bread, whole-grain breakfast cereal, and other whole-grain foods; the pattern was weakest for whole-grain breakfast cereals ( Table 3,  Table 4 , and Table 5 ). As previously reported (7) after a shorter follow-up duration, inverse associations were observed for total and CHD mortality. Exclusion of the first 5 y of death did not substantially alter any of the findings.
The relation of whole-grain intake to subsets of the noncardiovascular, noncancer inflammatory death variable is reported in Table 6 . Most associations were inverse, although digestive, endocrine, nutritional, and metabolic (including primarily diabetes), musculoskeletal, and genitorenal disorders were each based on small numbers of cases. The strongest and statistically most robust associations were for respiratory system disorders, especially noninfectious ones. Mortality attributed to nervous system disorders showed little relation to whole-grain intake.
The association of whole-grain food intake with noncardiovascular, noncancer inflammatory death did not vary by obesity status (normal weight, overweight, obese; P interaction ҃ 0.76).
We conducted the same type of analysis for refined-grain intake. Of the several causes of death, noncardiovascular, noncancer inflammatory death was related, but only suggestively after multivariate adjustment, to refined-grain intake ( Table 7) . Compared with the women with intakes in the lowest quintile, the hazard ratios in the adjusted model were 0.98, 0.95, 1.12, and 1.21 (P for trend ҃ 0.04) for women with intakes in quintiles 2, 3, 4, and 5, respectively.
DISCUSSION
We prospectively studied the relation of whole-grain food intake with death attributed to oxidative stress, inflammatory, and infectious processes as a predominant pathophysiologic cause. Inflammatory disease as an underlying cause includes most infectious and various chronic degenerative diseases, such 2 , ie, linear and quadratic terms of alcohol as a continuous variable), refined grain, coffee (regular and decaffeinated), red meat, fish and seafood, and total fruit and vegetables.
TABLE 5
Hazard ratios (and 95% CIs) for death attributed to noncardiovascular, noncancer, inflammatory diseases according to total intake of other whole-grain foods in 27 312 women in the Iowa Women's Health Study, 1986 Study, -2003 Other whole-grain food intake (servings/wk) 2 Adjusted for age and energy intake. 3 Additionally adjusted for BMI, waist-hip ratio, smoking, education, physical activity, estrogen use, multivitamin supplement use, and intakes of alcohol, (alcohol, alcohol 2 , ie, linear and quadratic terms of alcohol as a continuous variable), refined grain, coffee (regular and decaffeinated), red meat, fish and seafood, and total fruit and vegetables.
as rheumatoid arthritis, gout, chronic obstructive pulmonary disease, emphysema, asthma, ischemia-reperfusion, ulcerative colitis, Crohn disease, type 1 and 2 diabetes, and several types of neurodegenerative diseases. A common feature in all of these infections and chronic degenerative diseases is that tissue degradation and repair, and hence inflammation, are causally linked to the progression of the diseases. In the present study, we excluded cardiovascular diseases and cancer from the inflammation categorization because other mechanisms (eg, deposition of atherosclerotic plaque, DNA changes) are likely to be at least as important causes of mortality in several of these diseases.
We found a reduction in risk of death attributed to inflammatory disease of 35% for those who reported the highest intake of whole grain. This risk reduction was numerically somewhat larger than the 28% reduction in risk for CHD death. It was also a greater reduction than the 20% risk reduction found for risk of incident diabetes in this study (8) . Therefore, it may be that there is a specific effect of whole-grain intake on the reduction of chronic inflammatory processes that is also involved in the reduction in risk of CHD death and incident diabetes. In contrast, there was little relation between refined-grain intake and any cause of death, and its relation with inflammatory death was positive, but barely statistically significant. These modest associations are consistent with the findings for refined grain reported after 9 y of follow-up in the IWHS (7).
The results of one short-term study in which whole grain was provided as a supplement support this idea (20) . A powder consisting of whole grains (mostly brown rice and barley) and legumes was provided in a drink for 16 wk to male patients (n ҃ 76) with coronary artery disease. The control group maintained their usual diet. Fasting serum glucose concentrations, 2 measures of lipid peroxidation (serum malondialdehyde and urinary 8-epiprostaglandin F 2 ), and homocysteine concentrations decreased significantly and serum retinol, ␣-carotene, and ␣-tocopherol significantly increased after 16 wk in the wholegrain and legume-drink group compared with the control group. Epidemiologic studies also identify whole-grain foods as inversely related to inflammatory markers (16 -19) .
Whole-grain foods contain fiber, vitamins, minerals, phenolic compounds, phytoestrogens, and other phytochemicals that are removed during the refining process (29 -33) . Interestingly, many of these compounds can support the antioxidant defense and thereby reduce the damaging effects of chronic inflammation via several mechanisms, including cell cycle control, protein chaperoning and repair, DNA and chromatin stabilization and repair, removal of reactive molecular species, and induction of antioxidant defense and detoxification mechanisms (33, 34) . Many of these compounds are redox-active secondary plant metabolites (ie, redox-active antioxidants or reductants) (32, 33, 35, 36) that are produced by plants in response to oxidative and other types of stress and activate defense-related genes in plant cells. It has been suggested that these molecules also can mount an antioxidant defense in animal cells (after intake by the animal) by inducing gene expression of similar genes for antioxidant and detoxification enzymes (33, 37, 38) . Therefore, we think it is plausible that whole-grain intake may reduce the risk of inflammatory conditions, possibly through support of antioxidant defense mechanisms.
We previously analyzed the total content of redox active molecules (ie, antioxidant capacity) in several thousand foods (32, 33, 35, 36) and were surprised to learn, after analyzing 1113 food samples obtained from the US Department of Agriculture National Food and Nutrient Analysis Program, that coffee and several whole-grain products were at the top of the ranked list. Furthermore, we recently studied the association between coffee consumption, the main antioxidant contributor in the diet, and risk of death attributed to inflammatory diseases in the IWHS using the same type of inflammatory categorization that we used in the present study (28) . In the fully adjusted model, the hazard ratio of death attributed to inflammatory diseases was 0.72 for consumption of 1-3 cups (237-711 mL)/d, 0.67 for 4 -5 cups (948 -1185 mL)/d, and 0.68 for ͧ6 cups (1422 mL)/d. We suggest that whole grains and coffee, both of which are rich in phytochemicals and other molecules that support the antioxidant defense, reduce the risk of cardiovascular disease and other inflammatory diseases in postmenopausal women via similar mechanisms. For example, dietary intake of both whole grains and coffee are positively associated with plasma enterolactone concentrations (39 -41) . Enterolactone, which is produced by the intestinal microflora from lignan precursors found in foods such as whole grains and coffee, is a phytoestrogen with antioxidant properties that has been linked to a reduced risk of inflammation-related diseases (42) (43) (44) .
Caution is in order when interpreting our present findings. Although the formation of the inflammatory death endpoint is novel, most existing prospective studies assemble little information about the set of diseases that we included here. Use of the underlying cause of death as the indicator or inflammatory processes is likely to underestimate the number of women who suffer from the diseases; violent death, cancer, and cardiovascular diseases are preferentially coded as underlying cause if they coexist with one of the less common diseases studied here. It has long been thought that fiber is related to inflammatory diseases (45) , and recent observations tend to support this view (46, 47) . However, these studies have not focused specifically on whole grains or even cereal fiber. Residual confounding is a possibility, particularly because the correlates of the inflammatory death endpoint are not well known; however, we identified several other powerful predictors of this endpoint and adjusted for those variables. Reverse causality remains a possibility because there are inflammatory conditions that we did not ask about at baseline; however, we did exclude those with many of the most prevalent historical inflammatory conditions.
In conclusion, our results are consistent with a protective effect of whole-grain food intake on death attributed to pathology of inflammatory, oxidative stress, and infectious origin. These findings may lead to additional areas of research that will help to elucidate the reduced chronic disease risk associated with wholegrain food intake.
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